Objective: Nerve growth factor (NGF) has antiproliferative and differentiating effects in neuroendocrine tumors. In cell lines derived from small cell lung cancer (SCLC), NGF treatment stimulates NGF receptor expression, activates NGF secretion, inhibits proliferation and abrogates invasion. Since these effects are lost upon NGF withdrawal, it is relevant to identify other differentiation factors that may co-operate with the NGF system to control SCLC growth and differentiation. Design: Retinoic acid (RA), which has been shown to inhibit cell transformation and proliferation, modulates the expression of NGF receptors and the sensitivity to NGF in different cell models. In the present study, we have investigated whether NGF and RA may interact to control the proliferation of SCLC cell lines. Methods: SCLC cells were exposed to 50 ng/ml NGF or 1 mM all-trans RA for different times. Cell proliferation was measured by the [ 3 H]thymidine incorporation test and NGF receptor expression was evaluated by immunofluorescence. Results: We found that RA increased the expression of both trkA and p75 NGF receptors in NCI-N-592 and GLC8 cell lines and prevented the loss of both NGF production and NGF receptor expression occurring when NGF treatment was discontinued. As a result, RA, which did not inhibit the proliferation of untreated cells, abolished NGF withdrawal-related increase in cell proliferation both in vitro and in vivo, thus making permanent the antiproliferative effects of NGF. Conclusions: These data suggest that combined treatments with NGF and RA or mimicking drugs may represent a strategy to be further investigated for the treatment of SCLC.
Introduction
Small cell lung cancer (SCLC) is a very aggressive neuroendocrine tumor (1 -5) characterized by early metastasis potential and rapid development of treatment resistance. Despite the rapid progress in understanding the molecular abnormalities underlying the pathogenesis of SCLC, there have been no major advances in the therapy for this tumor (1) .
The proliferation of SCLC is controlled by different neurohormones and growth factors including insulinlike growth factor-I, bradykinin, neurotensin and serotonin (1, 6, 7) . Moreover, like other tumors of neuroendocrine origin (8 -11) , the SCLC cell lines NCI-N-592 and GLC8 are sensitive to the antiproliferative action of nerve growth factor (NGF) (12) . We have shown that only 50% of NCI-N-592 and GLC8 cells express trkA and p75 receptors for NGF and that NGF treatment increases their expression in the majority of cultured cells (12) . As a result, NGF inhibits the proliferation rate and abrogates the in vitro invasive potential and in vivo tumorigenicity of these cell lines (12) . Besides stimulating the expression of its receptors, NGF also stimulates its own production in these cell lines, thus establishing a potential autocrine mechanism constraining cell growth (12) . The effects of NGF on SCLC cell lines, however, are lost when NGF treatment is discontinued, suggesting that the amount of secreted NGF may be too low to sustain an autocrine loop. Thus, it is relevant to identify other factors which, by interacting with the NGF system, may contribute to control SCLC growth and differentiation.
Some observations point to retinoic acid (RA) as a plausible candidate. Retinoids are active in the prevention and treatment of a variety of malignancies. In particular, they modulate the growth and differentiation of different cancer cells including promyelocytic leukemia, breast cancer, and skin, head and neck cancers (13, 14) and are active as chemopreventive agents in animal models of mammary, skin, liver and prostate cancer (13, 14) . Furthermore, it has been shown that RA modulates the sensitivity to NGF in different models with a mechanism involving the regulation of NGF receptor expression. For example, in immature sympathetic neurons, RA inhibits the expression of trkA (15, 16) , while in neuroblastoma cells RA modulates NGF responsiveness by increasing trkA expression (17, 18) . Exposure of pheocromocytoma PC12 cells to RA results in both stimulation of p75 NGF receptor expression and increased sensitivity to the differentiating effects of NGF (19) . Moreover, in thyroid carcinoma cells, RA and NGF synergistically co-operate to inhibit cell proliferation (11) .
On this basis, in the present study we investigated whether NGF and RA may interact to control the proliferation of SCLC cell lines. The results showed that RA induces the expression of NGF receptors in untreated NCI-N-592 and GLC8 cell lines and prevents the loss of both NGF production and NGF receptor expression occurring when NGF treatment is discontinued. As a result, subsequent RA administration to cells previously treated with NGF counteracts the increase of cell proliferation occurring during NGF withdrawal both in vitro and in vivo, thus making permanent the antiproliferative effects of NGF. These data suggest that combined treatments with NGF and RA or mimicking drugs may represent a strategy to be further investigated for the treatment of SCLC.
Materials and methods

Cell culture and treatment
The human SCLC cell lines NCI-N-592 and GLC8 were used. Cells were grown in RPMI 1640 medium supplemented with 10% fetal calf serum, 4 mM glutamine, 100 U/ml penicillin and 100 mg/ml streptomycin at 37 8C under 5% CO 2 /95%O 2 . Cells were treated either with 1 mM all-trans RA for 8 or 15 consecutive days or with 50 ng/ml NGF (2.5 s mouse NGF; Alomone Labs, Jerusalem, Israel) for 15 consecutive days. At the end of NGF treatment, cells were divided into two groups and grown either in the standard medium lacking NGF or in the presence of 1 mM RA for an additional 40 days. RA and NGF were added to the cultures every 3 days at the time of each change of medium.
Immunofluorescence
Cells were collected and, after two rinses with phosphate-buffered saline (PBS), fixed in PBS containing 3% paraformaldehide and 2% sucrose for 10 min at room temperature. Cells were then rinsed with PBS, permeabilized with 0.5% saponine for 10 min at room temperature and incubated for 1 h at room temperature with the following antibodies diluted in PBS containing 0.1% saponine: anti-trkA (1 mg/ml; Santa Cruz Biotechnology, Heidelberg, Germany), anti-p75 (5 mg/ml; MC192 mouse monoclonal, Boehringer Mannheim, Mannheim, Germany) and anti-NGF (20 ng/ml; 27/21 mouse monoclonal; Boehringer Mannheim). After three rinses with PBS, cells were incubated for 1 h at room temperature and in the dark with the appropriate secondary antibodies conjugated to either fluorescein or rhodamine. After three rinses, cells were resuspended in 1 ml PBS and analyzed using a multichannel cytometer (FACSTAR; Becton Dickinson, Milan, Italy). Total counts of 10 4 cells were accumulated for each group. Omission of the primary antibodies was performed as a control of nonspecific staining. 
H]Thymidine incorporation
Untreated or treated cells were counted and plated in multiwell plates (16 mm; NUNC) at a density of 5 £ 10 5 cells=well in the presence or the absence of the treatments. Twenty-four hours later, [ 3 H]thymidine (0.5 mCi/ml; 84.8 Ci/mmol; Dupont-NEN, Milan, Italy) was added and cells were incubated for an additional 24 h at 37 8C. Cells were rinsed three times with PBS, incubated for 10 min with ice-cold trichloroacetic acid and then for 20 min at room temperature with 1 M NaOH and then with 1 M HCl. The two media were collected together and analyzed for radioactivity.
In vitro invasion assay
Polycarbonate filters (8 mm pore size) were coated with 40 mg Matrigel (Becton Dickinson, Heidelberg, Germany) and incubated at 37 8C for 30 min. Cells were suspended in DMEM medium containing 0.1% bovine serum albumin (BSA), added to the inner side of the transwell (10 5 cells/well) and incubated for 24 h at 37 8C. Cells on the upper side of the filter were removed with a cotton swab and cells attached to the bottom side of the membrane were fixed in methanol, stained with hematoxylin and counted.
Measurement of NGF cell content
A two-site enzyme-linked immunosorbent assay (ELISA) system (Boehringer Mannheim with mAb 27/21) was used to quantitate NGF in cell extracts according to the manufacturer's instructions. Briefly, 96-well plates were coated with either anti-NGF antibody (0.1 mg/ml) or mouse IgG (1 mg/ml; blanks) for 2 h at 37 8C. Cells were collected, rinsed with PBS, homogenized in 100 mM Tris -HCl containing 400 mM NaCl, 2% BSA, 0.1% Triton-X 100, 1 mM phenylmethylsulfonylfluoride, 7 mg/ml aprotinin, 4 mM EDTA (pH 7.0) and centrifuged at 100 000 g for 10 min at 4 8C. The supernatant was added with the same volume of 20 mM CaCl 2 containing 0.2% Triton-X 100 and aliquots of this preparation were incubated overnight at 4 8C in the coated microwells previously described. Wells were rinsed, incubated for 4 h at 37 8C with the anti-NGF antibody conjugated with b-galactosidase and then rinsed again. Chlorophenol red-b-D-galactopyranoside was then added and wells were incubated at 37 8C for 30 -60 min and analyzed for absorbance at 574 nm.
RNA isolation and PCR
Total RNA was isolated using the SV Total RNA Isolation System (Promega Italia, Milan, Italy). Four micrograms of each sample were transcribed into cDNA by standard methods using murine Moloney Leukemia Virus Reverse Transcriptase (Promega Italia) and oligo(dT) 18 (Promega Italia) as a primer. Aliquots of cDNA were used as a template in PCR reactions containing the oligonucleotides 5 0 -TCATCCACCCACCCAG-TCTTC-3 0 encoding human NGF residues SSTMPVF and 5 0 -GGCAGCCTGTTTGTCGTCTGT-3 0 encoding human NGF residues TDDKQAA. Reactions were performed for 28 cycles (95 8C 45 s; 53 8C 45 s; 72 8C 1 min) within the linear range of amplification. Omission of the reverse transcription reaction was performed as a control of the PCR specificity. Amplification with 5 0 -TAAAGACCTCTATGCCAACACAGT-3 0 and 5 0 -CACG-ATGGAGGGCCGGACTCATC-3 0 primers respectively encoding human b-actin residues KDLYANTV and DESGPSIV (95 8C 30 s; 60 8C 30 s; 72 8C 1 min; 25 cycles) was performed as a control of the amount of cDNA used in each sample. The PCR products were resolved on 1% agarose gels stained with ethidium bromide and blotted on nylon membrane. Blots were hybridized with the NGF PstI/PstI cDNA fragment (kindly provided by Dr R dal Toso, R&C Scientifica, Vicenza, Italy) labeled with a 32 P-dCTP (Dupont-NEN) to a specific activity of at least 5 £ 10 8 c:p:m:=mg using a multiprime labeling system. Hybridization was performed in 50% formamide, 5 £ SSC at 42 8C overnight and, after washing, blots were exposed to Kodak-X-Omat films.
SDS-PAGE and immunoblotting
Untreated and treated cells were resuspended in a lysis buffer containing 50 mM Tris -HCl (pH 7.6), 150 mM NaCl, 5 mM EDTA, 0.5% Triton-X 100 and 0.1% SDS and a complete set of protease inhibitors (Complete Mini Protease Inhibitors; Roche Molecular Biochemicals, Milan, Italy), incubated on ice for 20 min and centrifuged at 18 000 g for 2 min at 4 8C. Aliquots of cell extracts (50 mg protein/lane) were resolved on 12% SDS-PAGE, transferred onto PolyScreen PVDF membranes (Dupont-NEN) membranes and blotted for 1 h at room temperature in Tris-buffered saline (TBS) containing 0.1% Tween 20 and 5% non-fat powdered milk. Membranes were incubated overnight at 4 8C with the monoclonal anti-p21 Cip1/Waf1 antibody (2 mg/ml; Becton Dickinson, Milano, Italy) and then with a horseradish peroxidase (HRP)-conjugated secondary antibody (1:1500 dilution; DAKO, Milan, Italy). The amount of proteins in each lane was checked by immunoreaction with a monoclonal anti-b-tubulin antibody (1:1500 dilution in TBS containing 5% non-fat powdered milk and 0.1% Triton-X 100; Neo-Markers, Fremont, CA, USA) for 2 h at room temperature and then with an HRPconjugated secondary antibody (1:1500 dilution; DAKO). For detection, an ECL chemiluminescence system (Amersham International, Milan, Italy) was used.
In vivo studies 
Results
RA induces the expression of NGF receptors in SCLC cell lines
To evaluate whether RA may modulate NGF receptor expression in SCLC cell lines, NCI-N-592 and GLC8 cultures were treated with all-trans RA (1 mM) for 15 days and then tested for trkA and p75 levels by indirect immunofluorescence followed by flow cytometry (FACS). A representative FACS scan obtained with the NCI-N-592 cell line is reported in Fig. 1 . Only 493 % (means^S.E.M.; n ¼ 3) of untreated cells expressed trkA (Fig. 1B) and 38^4% ðn ¼ 3Þ expressed p75 (Fig. 1E ). Exposure to 1 mM RA for 15 consecutive days resulted in a strong induction of NGF receptor expression. Of the RA-treated cells 82^4% ðn ¼ 3Þ were in fact positive for trkA staining (Fig. 1C) and 866 % ðn ¼ 3Þ were positive for p75 expression (Fig. 1F) . Figure 1A and D show the non-specific labeling obtained with omission of the primary antibodies. Similar results were obtained with the GLC8 cell line where RA treatment increased the percentages of cells positive for trkA and p75 from 51^5 to 78^4 and from 47^3 to 73^6 respectively.
We then investigated whether a 15-day RA treatment may also induce the production of endogenous NGF in these cell lines. Virtually no specific NGF labeling ð5^1%Þ was detectable by FACS in untreated cells. A 15-day RA treatment did not induce NGF production as shown by the observation that only 9^2% of RA-treated cells were positive for NGF labeling. These data thus suggest that RA does not activate in SCLC cell lines the silent autocrine loop mediated by NGF.
RA inhibits proliferation of SCLC cell lines only when given in combination with NGF
We have previously shown that NGF has two major functional effects on SCLC cells: inhibition of cell proliferation and inhibition of invasion (12) . Here we investigated the effects of RA on these two parameters. The effects of a 15-day administration of 1 mM RA on the in vitro proliferation of NCI-N-592 and GLC8 cells were evaluated by measuring [ 3 H]thymidine incorporation. As a positive control, a group of cells was exposed to 50 ng/ml NGF for 15 days. As shown in Fig. 2A , the proliferation rate of both cell lines, which was strongly inhibited by NGF, was not significantly affected by RA treatment. To evaluate whether synergistic interactions may occur between NGF and RA in the induction of growth arrest, NCI-N-592 cells were simultaneously treated with NGF and RA for 8 days and tested for [ 3 H]thymidine incorporation. The length of treatment was selected on the basis of previous time-course experiments showing that an 8-day NGF treatment only slightly inhibited the proliferation rate of this cell line (12) . As reported in Fig. 2B , an 8-day NGF treatment, but not RA treatment, inhibited cell proliferation by about 30%. When NGF and RA were given together, no further inhibition of NCI-N-592 proliferation was observed, suggesting that RA does not potentiate the antiproliferative effect of NGF. In line with these observations are the data obtained by measuring the expression of p21
Cip1/WAF1 , a regulatory protein involved in cell cycle arrest (20) . As reported in Fig.  2C (upper panel), p21
Cip1/WAF1 was poorly expressed in the proliferating NCI-N-592 cell line. Exposure of these cells to NGF for 15 days resulted in a remarkable p21
Cip1/WAF1 induction. By contrast, RA treatment did not increase p21
Cip1/WAF1 levels in NCI-N-592 cells. The data reported in Fig. 3 show that RA, although ineffective in the proliferation test, efficiently inhibited the capacity of NCI-N-592 and GLC8 cells to invade Matrigel-coated membranes, suggesting that it impairs their in vitro invasive potential.
As reported in Fig. 4 , although inactive in untreated cells, RA efficiently counteracted the increase in SCLC cell proliferation occurring during NGF withdrawal. Inhibition of NCI-N-592 cell proliferation induced by chronic NGF treatment (50 ng/ml, 15 days) was reversible when NGF administration was discontinued (Fig. 4A) . In particular, the cell proliferation rate lasted at the inhibited values for 8 days after NGF withdrawal then gradually increased, reaching, on day 36, the same values as those detected before NGF treatment. When NGF-treated NCI-N-592 cells were (Fig. 4A) . RA, administered in parallel to one group of untreated NCI-N-592 cells, did not significantly affect their proliferation rate at any time tested (not shown). Similar results were obtained with the GLC8 cell line (Fig. 4A, inset) . Neither morphological changes nor cell death were detected during NGF and RA treatment. The possibility that NGF and RA may interact to control SCLC cell proliferation also in vivo was then investigated. We have previously reported that chronic NGF administration to Nu/Nu mice transplanted with SCLC cells strongly inhibited the growth of the established tumors (12) . In the present study, Nu/Nu mice transplanted with NCI-N-592 cells and treated with NGF (1 mg/g b.w. once a day for 21 consecutive days) were divided into two groups and treated with either saline or RA (1.5 mg/g b.w.) for 15 days. As reported in Fig. 4B , the tumor size exponentially increased in the group of NGF-treated mice switched to saline administration. By contrast, tumors did not grow in mice treated with RA. The tumor size at the end of RA treatment was in fact the same as at the end of NGF treatment (Fig. 4B) . RA administration to untreated mice did not significantly inhibit tumor growth (not shown).
Endogenous NGF contributes to the antiproliferative effect of RA in SCLC cell lines
As we have shown previously, the expression of trkA and p75 in NCI-N-592 and GLC8 cells was increased by chronic exposure to NGF (12) . Evaluation of NGF receptor expression during NGF withdrawal showed that both trkA and p75 were progressively lost when NGF administration was discontinued. The percentage of NCI-N-592 cells expressing trkA and p75, 81^3 and 80^2 in NGF-treated cells, decreased during NGF withdrawal reaching, within 36 days, the values of 45^2:5% and 28^1% respectively. Exposure to 1 mM RA during NGF withdrawal abolished these decreases. The extent of cells expressing trkA and p75 in cultures treated with RA during NGF withdrawal was in fact superimposable on that found during NGF treatment (88^3% in the case of trkA and 76^4% in the case of p75). Moreover, in contrast with untreated cells where RA did not affect NGF expression, RA administration counteracted the loss of NGF production occurring when NGF treatment was discontinued. As reported in Fig. 5 , 79^5% of NGF-treated cells were positive for NGF expression (Fig. 5B) . That NGF levels measured by FACS in NGF-treated cells reflect the production of endogenous NGF has been shown by measuring the expression of NGF mRNA by RT-PCR followed by Southern blot (Fig. 5B, inset) . The percentage of NGF-positive cells was decreased to 12^1 during NGF withdrawal (Fig. 5C) . Exposure of NGF-treated cells to RA during NGF withdrawal maintained the percentage of NGF-positive cells at the value of 68^2 (Fig. 5D ). This observation was confirmed by measuring intracellular NGF levels by a two-site ELISA. NGF content, which was undetectable in untreated cells, was 510^46 pg=10 6 cells in NGF-treated cells and was undetectable after 36 days of NGF withdrawal and 473^50 pg=10 6 cells after a 36-day treatment with RA of cells previously exposed to NGF.
As shown in Fig. 6 , the effect of RA on NGF production in SCLC cells was completely prevented by a specific anti-NGF monoclonal antibody, suggesting that it was mediated by secreted NGF. Similarly, endogenous NGF also contributed, at least in part, to the antiproliferative effects of RA on NGF-treated SCLC cells. The inhibitory effect of RA on SCLC cell proliferation was in fact partially inhibited when RA was administered in the presence of the anti-NGF monoclonal antibody (Fig. 6 ).
Discussion
Lung cancer continues to be the leading cause of cancer death. Although our understanding of the pathogenesis of these tumors has made rapid progress, there have been no similar therapeutical advances and the overall 5-year survival is still under 13% (1). It is therefore crucial to identify and develop novel strategies for the prevention and treatment of this disease. Chemoprevention with retinoids provides an extremely attractive approach (21) . RA has been shown in fact to inhibit cell transformation and proliferation in different models (21 -24) . In particular, it has been shown that retinoids block tumor promotion by inhibiting proliferation, inducing differentiation and/or apoptosis (13, 14, 25) and influencing cell -cell and cell -substrate interactions (23, 26 -29) . Clinically, retinoids have been shown to decrease the incidence of second primary tumors in patients with head and neck cancer and to reduce the development of skin cancer in patients with xeroderma pigmentosum (13, 14) . Furthermore, retinoids achieve remission in acute promyelocytic leukemia by inducing growth inhibition, granulocyte differentiation, activation of the caspase Statistical analysis was applied to points corresponding to individual times. These experiments revealed that RA administration to cells previously exposed to NGF prevents the increase of cell growth due to NGF withdrawal. system and apoptosis (13, 14, 25, 30, 31) . Retinoids have also been reported to play a central role in the differentiation of some lung cell populations during development (32, 33) , to suppress lung carcinogenesis in the experimental animal (34, 35) , to increase the neuroendocrine differentiation (36) of the SCLC cell line NCI-H82 and to block its transition to a treatment-resistant phenotype (37) . Most lung cancer cell lines, including SCLC, are, however, refractory to the antiproliferative action of RA (38, 39) .
Increasing evidence now suggests that NGF is another differentiation factor for various neuroendocrine tumors (8 -10) including SCLC (12) . In particular, we have reported that NGF inhibits the proliferation and abrogates the tumorigenic and invasive potential of two SCLC cell lines. These effects were accompanied by biochemical alterations such as induction of NGF receptor expression and production and secretion of endogenous NGF (12) . The concentrations of secreted NGF, however, appeared to be too low to sustain an autocrine loop. As a result, the antiproliferative and antitumorigenic effects of NGF on NCI-N-592 and GLC8 cells were reversible when NGF treatment was discontinued.
In this paper, we report that NGF and RA efficiently interact to control the proliferation rate of NCI-N-592 and GLC8 cell lines. The evaluation of the functional effects of NGF and RA on SCLC cells revealed that, while NGF exerted a strong antiproliferative effect, RA did not affect cell proliferation when given alone for up to 15 days. Similarly, the simultaneous administration of RA did not enhance the antiproliferative effect of short-term NGF treatment, suggesting that there are no synergistic interactions. Along the same lines, in NCI-N-592 cells NGF, but not RA, strongly induced the expression of p21
Cip1/WAF1 , a cell cyclerelated protein involved in growth arrest (20) . Figure 6 The effects of RA on cell proliferation and NGF production are mediated by endogenous NGF. Cells were treated with 50 ng/ml NGF for 15 days. On day 15, cells were divided into two groups and grown either in the standard medium lacking NGF or in the standard medium containing 1 mM RA in the absence or the presence of a monoclonal anti-NGF antibody (Ab; 50 ng/ml) for an additional 36 days. Proliferation was evaluated by [ ; nd, not detectable refers to NGF cell content. *P , 0:001 vs untreated; **P , 0:001 vs RA treatment (Student's t-test). These data suggested that the ability of RA to maintain the production of NGF in SCLC cells during withdrawal of NGF treatment is mediated by the endogenous NGF secreted into the culture medium. Note also that the antiproliferative effects of RA in NGF-treated cells is partially dependent on secreted NGF.
Transcription of p21
Cip1/WAF1 is induced in fact in different cell lines undergoing differentiation (40) (41) (42) and disruption of the p53-p21
Cip1/WAF1 pathway is an important step in tumorigenesis (20) . Although inactive as an inhibitor of SCLC cell proliferation, RA abrogated the invasive potential of these cell lines however. In line with these observations, it has been reported that RA inhibits the invasive potential of human meningiomas and melanoma cell lines without modifying their proliferation rate (23, 27, 43) . Besides inhibiting invasion, RA increased the expression of trkA and p75 NGF receptors in NCI-N-592 and GLC8 cells and prevented the decrease of NGF receptors occurring during NGF withdrawal. Moreover, RA also prevented the loss of endogenous NGF production occurring when NGF treatment was discontinued, thus sustaining the autocrine loop mediated by endogenous NGF. The effect of RA on NGF production was completely antagonized by an anti-NGF antibody, suggesting that it was mediated by secreted NGF. In line with this, we report that in untreated cells, which lack endogenous NGF, RA did not activate NGF expression. Thus, it can be suggested that, by maintaining the expression of NGF receptors, RA indirectly activates an NGFmediated signal essential to induce the expression of the NGF gene. On this subject, analysis of the NGF promoter revealed the presence of at least two AP-1 consensus sequences which mediate NGF mRNA induction by a variety of stimuli (44) . Since AP-1 is one of the downstream signals activated by NGF receptors, NGF may indeed activate and maintain its own production.
The effects of RA on NGF receptor expression and NGF production have a functional implication in the regulation of SCLC cell proliferation both in vitro and in vivo. While inactive in untreated cells, RA counteracted in fact the increase of the in vitro cell proliferation occurring during NGF withdrawal. Similarly, the increase of tumor growth occurring in nude mice when NGF treatment was discontinued was completely blocked by subsequent RA administration. In line with our observations, RA has been reported to inhibit the proliferation of thyroid papillary tumor cells only when given in combination with NGF (11) and to potentiate the antitumorigenic effect of other cytokines (45, 46) . Two mechanisms apparently contribute to the antiproliferative effects of RA in NGF-treated cells, one that is NGF dependent, since it was inhibited by the inactivation of secreted NGF, and one that is apparently independent of secreted NGF. On the one hand, RA, by inducing NGF receptor expression, maintains activated the NGF-inducible, NGF-mediated autocrine loop that constrains cell proliferation. On the other hand, other putative mechanisms of interaction may be invoked to explain the mechanism of the antiproliferative action of RA that is apparently independent of secreted NGF. For instance, one possible point of cross-talk might involve the NGF-responsive transcription factor NGFI-B which can form functional heterodimers with the retinoid X receptor for RA and regulate gene transcription (47, 48) . Furthermore COUP-TF, a transcription factor involved in the antiproliferative effect of RA (49) , has been shown to up-regulate the NGF-responsive transcription factor NGFI-A (50), providing another putative mechanism of interaction.
In conclusion, these data suggest the existence of a cross-talk between NGF and RA in SCLC cells and may provide the framework to further investigate novel strategies for the management of this tumor.
